Perceived risk of smoking is associated with smoking status, interest in quitting, cessation attempts, and quit success. Research is needed to explore risk perceptions of developing smoking-related disease among persons living with HIV (PLWH). Data came from 267 HIV-positive smokers who completed an online survey assessing perceived health risks associated with (a) generic smoking status; (b) generic non-smoking status; (c) their own personal current smoking; and (d) a hypothetical situation in which they were a non-smoker. PLWH perceived greater risk associated with their current smoking versus hypothetical personal non-smoking (p's < 0.001), and greater risks associated with generic smoking status compared with their current smoking (p's < 0.001). Being on HIV medication (β = 0.65, 95% CI = 0.17, 1.12), interest in quitting smoking (β = 0.89, 95% CI = 0.45, 1.32), and having an HIV healthcare provider who has recommended cessation (β = 1.04, 95% CI = 0.42, 1.67) were positively associated with perceived risk of developing smokingrelated diseases. Findings have implications for developing targeted interventions to correct misperceptions regarding the health risks of smoking among PLWH, a population at particular risk for smoking and smoking-related morbidity and mortality.
Introduction
Smoking is more prevalent among persons living with HIV (PLWH) (40-75%) than the general population (15%) in the United States (U.S.) (Centers for Disease Control and Prevention, 2016; Mdodo et al., 2015; Pacek, Harrell, & Martins, 2014; Pacek, Latkin, Crum, Stuart, & Knowlton, 2014) . HIV-positive smokers lose more life years to smoking than they do to HIV (Helleberg et al., 2013) , and 24% of deaths of PLWH on ARVs are attributable to tobacco use (Lifson et al., 2010) . Moreover, smoking is associated with poor antiretroviral (ARV) adherence and treatment outcomes, and allcause mortality (Helleberg et al., 2015) .
Health behavior models (e.g., Health Belief Model (Janz & Becker, 1984) , Protection Motivation Theory (Rogers, 1975) , protection adoption process (Weinstein, 1988) , and the C-SHIP model (Miller & Diefenbach, 1998; Miller, Shoda, & Hurley, 1996) ) hypothesize that perceived risk plays a key role in predicting health behaviors. Smoking risk perceptions are associated with smoking status (Berg et al., 2015; Murphy-Hoefer, Alder, & Higbee, 2004; Pacek & McClernon, 2018; Weinstein, Marcus, & Moser, 2005) and are predictive of quit motivation (Cengelli, O'Loughlin, Lauzon, & Cornuz, 2012; Costello, Logel, Fong, Zanna, & McDonald, 2012; Hyland et al., 2004; Romer & Jamieson, 2001) , cessation attempts, and sustained cessation (Borrelli, Hayes, Dunsiger, & Fava, 2010; Costello et al., 2012) . For example, smokers perceive less risk associated with smoking than non-smokers (Berg et al., 2015; Murphy-Hoefer et al., 2004; Pacek & McClernon, 2018; Weinstein et al., 2005) , and smokers interested in quitting perceive greater smoking-related risk than those who are not (Williams, Herzog, & Simmons, 2011) .
Smoking risk perceptions may be particularly important among PLWH, however limited research is available. In PLWH, current smokers perceive lower risks for continued smoking than non-smokers (Burkhalter, Springer, Chhabra, Ostroff, & Rapkin, 2005) . Qualitative research shows that HIV-positive smokers justify their smoking, and discount health risks, by reasoning that they would not live long enough to be harmed by smoking due to their HIV diagnosis (Reynolds, Neidig, & Wewers, 2004) . Based on the unique rationalization of smoking behavior by PLWH related to their HIV diagnosis (Reynolds et al., 2004) , this information may be especially important for tailoring interventions. This work aims to: 1) characterize perceived risks of developing smoking-related disease; and 2) identify correlates of smoking risk perception among HIV-positive smokers.
Methods

Data source
Data were collected via Amazon Mechanical Turk (MTurk). Participants were required to have a ≥95% approval rating from previously submitted MTurk tasks, be ≥18 years old, U.S. residents, and self-report lifetime HIV diagnosis, smoking ≥100 lifetime cigarettes, and smoking ≥1 cigarette within the past month. Consistent with prior research (Pacek, Rass, & Johnson, 2017a , 2017b Rass, Pacek, Johnson, & Johnson, 2015) , at the survey's conclusion, participants were asked, "Do you feel that you took your time with this survey and that we should use your responses?" Individuals indicating that their data should not be used were compensated, but their data were excluded. Participation was voluntary, anonymous, and participants were paid $1 upon completion. Study procedures were approved by the Institutional Review Board at Johns Hopkins University. The survey was active March 16-May 14, 2015.
Measures
Sociodemographic characteristics
Sociodemographic variables included sex, age, race, income, marital status, and educational attainment.
HIV characteristics
Participants reported length of time since their HIV diagnosis and their medication regimen if they were taking ARVs.
Smoking characteristics
Participants reported cigarettes per day (CPD), daily smoking, time to first cigarette (TTFC) upon waking, lifetime cessation attempt(s), and interest in cessation. The Heaviness of Smoking Index (HSI; (Heatherton, Kozlowski, Frecker, Rickert, & Robinson, 1989) was calculated based on TTFC and CPD.
Interactions with HIV care providers Participants reported whether their HIV care provider had encouraged them to quit smoking and suggested specific cessation strategies, and how often they discussed smoking cessation with their providers.
Perceived health risks of smoking
Participants completed The Perceived Health Risks scale (Hatsukami, Vogel, Severson, Jensen, & O'Connor, 2016) based on 4 different instruction sets, which included two generic non-smoker/smoker scenarios: "Indicate how much you believe [smokers/non-smokers] are at risk for developing the following health problems on a scale from 1 to 10." Participants responded to personal smoker and non-smoker instruction sets: "Based on smoking your usual brand cigarette … " and "If you did not smoke cigarettes, indicate what you believe your risk is for developing the following health problems on a scale from 1 to 10." Responses ranged from 1 to 10, with 1 anchored at "very low risk" and 10 anchored at "very high risk". Participants reported perceived risk of: lung cancer; emphysema; bronchitis; other cancers; heart disease; and stroke.
Statistical analysis
T-tests assessed differences in perceived risk based on instruction set type. Adjusted linear regression analyses calculated adjusted beta (β) coefficients and 95% confidence intervals (CI) to describe associations between sample characteristics and perceived health risks of smoking-related disease based on current smoking. Covariates in the adjusted model were selected based on a combination of p < 0.05 in bivariate models and a priori theory, and included: age, use of ARVs, interest in quitting, provider recommendation to quit, and frequency of cessation-related discussions. Multicollinearity between variables in adjusted models were assessed: no evidence thereof was identified. Analyses were conducted using STATA SE statistical software version 12.0 (StataCorp, 2011) .
Results
Sample characteristics
Sample (n = 276) characteristics and bivariate associations between participant characteristics and mean perceived risk of smoking-related disease are in Table 1 . Bivariate associations between participant characteristics and perceived risk of developing individual smokingrelated conditions are in Supplemental Table S1 .
Perceived risk of smoking
Participants perceived greater risk associated with their current smoking versus if they were non-smokers (p's < 0.001) (Table 2(a)). Participants perceived greater risk of developing smoking-related conditions for generic smokers than generic non-smokers (p's < 0.001) (Table 2(b)). Participants perceived greater risk of developing smoking-related disease associated with generic 2(d) ).
Correlates of perceived health risk of smoking
Currently being on ARVs (β = 0.65, 95% CI = 0.17, 1.12), interest in cessation (β = 0.89, 95% CI = 0.45, 1.32), and having an HIV healthcare provider recommend cessation (β = 1.04, 95% CI = 0.42, 1.67) were associated with mean perceived risk of developing smoking related-conditions (Table 3 ).
Discussion
To our knowledge, this manuscript represents one of the first to characterize HIV-positive smokers' smokingrelated risk perceptions. Risk perceptions were evaluated under various instruction sets: based on participants' current smoking status and under hypothetical scenarios, allowing for evaluation of personal versus general risk perceptions. Findings also provide information regarding correlates of smoking-related risk perceptions among PLWH. Participants perceived the risk of developing smoking-related disease as being greater for a generic smoker than for a generic non-smoker. Additionally, participants perceived their own risk to be greater based on their current smoking versus a situation in which they were a non-smoker. However, participants perceived the health risks of being a generic smoker to be greater than they would be based on their current smoking. Interestingly, participants also perceived generic nonsmokers to be at greater health risk than themselves as a non-smoker. Differences between personal smoker/ non-smoker and generic smoker/non-smoker risk perceptions were small but were statistically significant. Similar to findings from the general population (Weinstein, 1989; Weinstein et al., 2005) , the latter two findings may indicate that HIV-positive smokers have an optimistic bias regarding their risk for developing smoking-related diseases, both when considering their current smoking status (versus smokers generally), and when imagining their risks as a non-smoker (versus generic non-smokers). Findings indicate the need for educational interventions to correct misperceptions and underscore the need for interventions that are personalized, and not based on generic "other" smokers.
Being interested in cessation, taking ARVs, and having a healthcare provider recommend cessation were associated with increased smoking-related risk perceptions. These findings suggest that greater health literacy (i.e., the degree to which individuals are capable of obtaining, processing, and understanding health information and services needed to make health decisions)which is associated with health-related knowledge among PLWH may lead to increased smoking-related risk perceptions. Associations between healthcare providers' cessation recommendations and perceived risk indicates the importance of PLWH's healthcare provider-patient relationship. HIV treatment initiation is associated with increases in intention to quit smoking; this time period may serve as a unique teachable moment for smoking cessation (Vidrine et al., 2017) . HIV-positive patients whose healthcare providers encouraged them to quit were more likely to be interested in cessation (Berg et al., 2014; Pacek et al., 2017a) and the frequency of these discussions was associated with interest in quitting (Pacek et al., 2017a) . Likewise, a physician-delivered smoking status assessment increases readiness to quit (Amiya et al., 2011) . It is possible that healthcare providersthrough counseling and/or educationmay increase HIV-positive smokers' perceived risks of smoking, resulting in increased interest in cessation. This study has several limitations. Data were collected via self-reportwhich confers the potential for recall and social desirability biases and precludes verification of participants' HIV and smoking statuses. The Perceived Health Risks scale did not include health problems that are clearly unrelated to smoking (e.g., chicken pox) to serve as a manipulation check and ensure that participants were giving thought to harms associated with each possible condition. Given that the sample was comprised of relatively young, low nicotine dependence smokers, findings may not generalize to older, heavier smoking PLWH; generalizability may be limited due to the online nature of the sample. These limitations notwithstanding, this paper represents one of the first to explore health risk perceptions of smoking among PLWH.
Health risk perceptions regarding smoking may influence who initiates and continues to smoke cigarettes as well as interest in smoking cessation and quit behaviors (Borrelli et al., 2010; Costello et al., 2012; Williams et al., 2011) . Addressing misperceptions about smoking is critically important among PLWH, who face significant smoking-related harm. HIV-positive participants' optimistic bias regarding their risk for smoking-related disease, compared to generic smokers, indicates the need for personalized educational interventions to correct misperceptions. Findings also highlight the importance of health literacy and the patient-provider relationship, regarding accurate smoking-related risk perceptions. Furthermore, identified correlates of perceived risk have implications for developing targeted interventions to correct misperceptions regarding the health risks of smoking.
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